Over 1 million waterfowl winter in southwestern Louisiana (H. A. Bateman, unpubl. reps., La. Wildl. and Fish. Comm., 1977-78). Many areas have been modified through construction of impoundments and weirs that regulate water levels and increase production of waterfowl foods (Chabreck 1976). However, thousands of hectares of habitat are lost annually due to oil and commercial development, channelization, diking, erosion, and saltwater intrusion (Duffy 1974) .
Concern over habitat loss and the welfare of wintering waterfowl has stimulated interest in the requirements of wintering waterfowl and how well present management meets these requirements (Fredrickson and Drobney 1979) . Gadwalls comprise over one-third of the wintering duck population in southwestern Louisiana (Bateman, unpubl. reps., 1977-78). Gadwall numbers in managed areas have increased dramatically in the past few decades (Perry et al. 1971 ).
Previous feeding-ecology studies of wintering gadwalls have been confined to the southeastern United States, and did not assess seasonal variation in diets 
STUDY AREAS
The study was conducted in southwestern Louisiana on Rockefeller and Marsh Island state wildlife refuges, Sabine National Wildlife Refuge (NWR), and on privately owned lands within 13 km of the western and northern boundaries of Rockefeller Refuge.
Sabine NWR is located in southwestern Louisiana, adjacent to Texas, and contains over 57,000 ha of fresh, inter-mediate, and brackish marshes (Schroer and Chabreck 1975 (Table 1) .
Numerous genera of diatoms and bluegreen and green algae were consumed by 69.8% of all gadwalls collected, and comprised 31.1% (by volume) of the total foods eaten. From November through January, observations suggested that algae were probably passively selected due to their attachment to widgeongrass and dwarf spikerush. In February, gadwalls were observed selecting floating, submerged, and attached algae (Paulus 1980 Animal matter appeared to be consumed incidentally while gadwalls fed upon aquatic vegetation. On 1 occasion, gadwalls were observed actively feeding upon aquatic insects in a pond lacking floating or submerged vegetation; these birds were not collected, however. On 2 other occasions, collected gadwalls had consumed primarily ostracods; these birds also were feeding in ponds with little submerged or floating vegetation. Several times gadwalls were collected while feeding in areas with visible populations of aquatic invertebrates, however, invertebrates were found only in trace amounts in the esophagi.
Esophageal contents of paired gadwalls revealed little difference in diet between males and females. Males consumed more ostracods than females (P < 0.05) by volume, but both sexes con- sumed similar amounts of all other foods (P > 0.05).
Seasonal Trends
Diets contained more plant material (P < 0.05) and less animal matter (P < 0.05) during November-January than in February and March. Widgeongrass and watermilfoil, abundant in fall and early winter, comprised a greater portion of foods eaten during November-January than in February and March (P < 0.01). A greater proportion of foods eaten consisted of algae (P < 0.001) during the latter 2 months than during the preceding months as algae became more abundant and other plant foods were depleted by waterfowl. Algae were consumed by 90.2% of gadwalls collected during the last 2 months. Tendipedidae increased in the diet during February and March (P < 0.05), whereas occurrence of other foods was similar throughout winter (P > 0.05).
Hunter-killed Gadwalls
Gizzard contents helped to identify foods eaten by gadwalls in marshes adjacent to Rockefeller Refuge and on Sabine NWR (Table 2) . Algae were the major foods consumed by gadwalls in these marshes from November through early January, suggesting the importance of algae early as well as late in winter. Widgeongrass and dwarf spikerush also were important foods, and pondweed was consumed in marshes north of Rockefeller Refuge. Watermilfoil was rare in marshes adjacent to Rockefeller Refuge, so this species was found in the gizzards of only a few specimens.
Although southern naiad comprised only 0.1% of the foods of gadwalls collected on Rockefeller and Marsh Island refuges, it comprised from 7.3% of total foods of adult males to 16.9% of total foods of immature females collected on lands adjacent to Rockefeller Refuge.
Feeding Behavior
Gadwalls fed by dabbling, tipping, or filtering from the surface; diving was not observed (Paulus 1980) . Although dabbling and filtering were the most common methods of feeding, an increase in tipping was noted with increasing water depth (r = 0.228, P < 0.001). In deepwater areas, gadwalls, primarily females, would tread water, raising their bodies partially out of water. This apparently helped to churn food matter toward the surface, and after several seconds of this activity, the bird would tip up and feed. Gadwalls were observed feeding throughout the day and night, slowly moving about an area, feeding, traveling a short distance, and feeding again. Observations suggested that gadwalls preferred widgeongrass, watermilfoil, pondweed, and algae over other aquatics. When suddenly displaced by a disturbance from an area with widgeongrass, watermilfoil, or pondweed to an area with dwarf spikerush, gadwalls would feed on dwarf spikerush only until it was again quiet in the previous feeding area; they would then return to their original area. Gadwalls rarely wasted widgeongrass, watermilfoil, pondweed, or algae, but often would remove dwarf spikerush stems and rhizomes without consuming them, which resulted in mats of floating vegetation along the shoreline. Hornwort, abundant in several areas on Rockefeller Refuge, was used for only 3-4 weeks during midwinter. Although hornwort remained abundant, gadwalls moved from these areas and began feeding on algae as it became abundant.
Gadwalls fed in areas with water 
Proximate Analysis of Foods Eaten
Protein, fiber, and gross energy were determined for 5 major foods consumed by gadwalls on Rockefeller and Marsh Island refuges (Table 3 ). Hornwort contained the highest protein and gross energy, although this food was used less by wintering gadwalls than the other foods. Algae was lower in protein and gross energy than most foods, and contained less than one-half the crude fiber of other foods consumed. Watermilfoil contained more crude fiber and less gross energy than other foods. Although gadwalls seemed to prefer widgeongrass to dwarf spikerush, both foods had similar protein, crude fiber, and gross energy values. Data on foods eaten and nutritional analysis suggested that wintering gadwalls were more selective when a variety of foods were abundant, and that foods were often chosen on the basis of quantity rather than quality. This agrees with Emlen's (1966) hypothesis of food selection. Widgeongrass, watermilfoil, and pondweed were preferred foods in fall and early winter, when most species of aquatic plants selected by gadwalls were abundant. By mid-January, these plants were rarely observed on study areas, and during the following months gadwalls fed primarily upon dwarf spikerush and hornwort. Dwarf spikerush and hornwort were moderately abundant during midwinter, and appeared nutritionally similiar to more preferred foods. However, the rapid shift toward consumption of algae in mid-February even though dwarf spikerush and hornwort were available suggested that these latter foods were not as desirable and may have been inadequate in meeting dietary requirements. Also, it may have been more important for gadwalls to maintain a high rate of food intake rather than select the most nutritious diet available, which also may occur in white-fronted geese (Anser albifrons) (Owen 1972 
DISCUSSION

MANAGEMENT IMPLICATIONS
Wintering gadwalls in Louisiana were almost completely dependent upon a diet of aquatic vegetation. Although vegetation constituted a nutritionally poorer diet than plant seeds or animal matter (Sugden 1973) , gadwalls have evolved behavioral, physiological, and morphological characteristics that have allowed them to exploit this resource.
Dwarf spikerush was the food most used by gadwalls in impoundments on study areas. However, dwarf spikerush may be of poorer quality and less preferred by gadwalls than other foods that
